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MRA Backbone Structural Analysis

o A preliminary stress analysis was done for the three lower
stainless steel backbone sections without Moderator Vessels

e The principal result of concern was displacements which could
affect moderator location and a limit of 0.5 mm at the center
of the mounting surfaces for the reflector vessels was desired

o A full CFD analysis by Min-Tsung Kao had been done and @
data file for the temperatures in the region of interest was
provided

o Analysis was done for § bar MWAP for the water and vacuum in
the core vessel. A load case was also done for a failed
moderator boundary with 2 bar pressure on the internal
vacuum boundary
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Abaqus model

Model and Input file

« Model: MRA_backbone_1.cae
e Input file: MRA_backbonel_PTPb.inp

e Only material in model was 316L SS
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Abaqgus material input data - bi-
linear elastic-plastic model*

** MATERIALS
3}
=Material, name=553161
=Densitf]
969 .,
=Flastic

1.95%e+11, B.27
=Expansion, zero=20.
1.61e-85,
=Plastic

2.5p+08, a.
2.55e+08, 0.005%

L i

ISRN LUTFD2/TFHF-19/5234-SE(1-
71)
Material characterization of 316L
Master’s Dissertation by
Pardis Adibi
and
Rita Iteka




Lower Backbone with Moderator Reflector Vessels

Y
Z‘i‘x
Assembly showing moderator reflector vessels alignment
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Backbone SpaceClaim Model Section views

Assembly
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Abaqus Model with all 3 parts merged

Wire Frame view showing
Full model internal passages
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Pressure boundary surfaces

5 Bar water surfaces Vacuum or 2 Bar
Surface

Reflector vessels and Upper backbone
not included in the model so some
pressure boundaries are not closed
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Model Mesh with C3D10 Tet elements

Nominal 5.5 mm size with 12
elements around circles Cut near /=0 plane

4% Global Seeds
Sizing Controls
Approximate global size: | [IERER

] Curvature control

Maximum deviation factor (0.0 < h/L < 1.0): | 0.065
(Approximate number of elements per circle: 12)

Minimum size control
@ By fraction of global size (0.0 < min < 1.0) 0.1

) By absolute value (0.0 < min < global size) | 0.00055

oK Defaults Cancel

Total 3,731,555 elements
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Mesh model Cut Views
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Boundary Conditions

Hole 1 node constraint Hole 2 node constraint Hole 3 node constraint

« Boundary condition to simulate “V"
groove restraint on pins in holes to force
displacement in direction of central axis

« Fixed vertically at the 3 nodes

« Applied to one node on bottom surface
of each hole

%OAK RIDGE

National Laboratory




Results with 5 bar pressure and all nodes at reference

temperature of 20 C

Vertical displacement - peak ~ 0.2
mm on thin walls by Proton Beam
Assembly with § bar load applied channels
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Net body force imposed from open tubes with 5 bar
pressure causing displacements to one side

BC node fixed vertically with high Artificial high stress around fixed
local deformation around node node

Vertical displacement

Closed pressure boundaries in full assembly would eliminate the net body
forces and these local deformations and peak stresses
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5 bar Pressure only resulis

S Mises 141 MPa peak by thin wall
edge Stresses in Top zone low ~ 11 MPa

S, Mises 5, Mi
(Avg: 75%) v 2
+1.415e+08 {avg: 75%)
+1.2570+08 +l.1z8e4Ds
¥1179e+08 +l.osze+ns
+1061e+08 +3.380e00
+0.4346+07 184420400
183348107 +130ee00
+7.0758+07 +6.388e+00
¥5.8966+07 tooaseie
+4‘717E+D7 +4.6902+06
+3.5388+07 tagyaeae
123586107 ITEeRE
FRL e +1.876e+06
+1.17%e+ 19.38%e105
F17a7er02 1i797e502
Max: +1 415e+08 Max: +1.1262+07
Elem: FART-1-1,2265207 Elm: PART-1-1,228230
Node: 3846199 Node: 1348285

20 Cinitial , 5 bar, 55 Temp, 2 bar

»
20 Cinitial , S bar, S5 Temp, 253' 4.4 ODE: MR&_hackhomel_PTPb.odh  Abaqus/Standard 2020 HF4  Tue Aug 08 133439 Eastern Daylight Time 2023

P4 ODB: MRA_backbone1l_PTPb.odb B

Step: Step-1, pressure only

Step: Step-1, pressure only " —
X I Increment  1: Step Time =  1.00) ® IIi‘nr’::nE\‘:-‘anGtar: S}M?Stssu Time 1.000

Primnary Var: 5, Mises z )
Deformed war: U Deformation Scal Deformed var: U Deformation Scale Factor: +1.000e+02
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Temperature Profiles

Full Backlbone Temperature profile Abaqus Mapped Temperatures —
with 0.1mm helium gap 117 C peak

MT11

1.173e+02

1.105e+02

s

Temperature (C) §§§% 51

117.320 £-53e+01

0 e

#109.093 x 33755t01

~ Max: +1.1732+02

'100.867 N Mode: PART-1-1.977531
92.640
84.413
76.186
67.960
59.733
Z X 4 51.506
//'
43.279
- 20 Cinitial , 5 har, 55 Temp, 2 b,
35-053 - . ) v ODB:I:’IIRE_hackahrnnel_Errngh.udSr Ahaqus rn Daylight Time 2023
z & x Step: temperature, temperature with pressure
Increment  1: Step Time = 1.000

Primar: v var: NT11
Defarmed Var: U Deformation Scale Factor: +0.000e+00

M.Kao, 7/25/23 CFD Model update
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Temperature and 5 bar Pressure

Peak Von Mises peak stress 226 MPa
Vertical Displacement < 0.5 mm on not including distorted area around
QXIS ON Upper zone boundary condition node

Max: +5.571e-04
u, uz S, Mises ,
5571604 T, 75%) Min: +2.551e+04
T3agges +2.2508+408
+3.0728-04 +2.071e+08
+3.4306-04 +1.883e+08
+2.006a-04 +1.685e+08
+2.3745-04 +1.506e+08
+1.841e-04 +1.318=+08
+1,308e-04 +1.130e+08
+7.751e-05 +3.416e+07
+2.423e-05 +7.933e+07
-2.905e-05 +3.651e+07
-8.233e-03 +3.768e+07
Max: +5.571e-04 ié-gg?gigi
Mode: PART-1-1.1089 '
WMin: -8.2338-05 Max: +2.250e+08
Mode: PART-1-1,82207 Elem: PART-1-1.2414303
Mode: 4202310

Min: +2.551e+04
Elem: PART-1-1.712655
Node: 11

Top Center Displacements
U2=.395 mm
Ul=-.06mm
U3=-.08 mm

Bottom Center Displacements
U2=.009 mm

Ul=.02mm

U3=.001 mm

20 Cinitial , 5 bar, 55 Temp, 2 bar

v QDB MR, backbonel PTPb.odb AbaqusiStandar&?D% ?%%— 5rue Mg 08 13,3439 Eastern Daylight Time 2023
20 Cinitial , 5 bar, 55 Temp, 2 bar
v ODB: MRA_ hackhonel PTPh.odhb AhaqusfStandard 2020.HF4  Tue Aug 08 13:34:39 Eastern Daylight Time 2023

z Step: temperature, temperature with pressure

Increment 1: Step Time = 1.000
X Primary War: U, U2 z Step: temperature, temperature with pressure

Deformed war: U Deformation Scale Factor: +1.000e+02 Increment 1: Step Time = 1.000

X Primary “ar; S, Mises

Deformed War: U Deformation Scale Factor: +1.000e+02
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5 bar and Temperature Distribution

226 MPa Peak on corner by proton Peak Stress corner location showing

beam port mesh

S, Mises
(Avg: 75%)
+2.25%e+08

+1.605e+08
+15068+08
+1.3188+08
+1.130e+08
+9.416e+07
+7.5338+07

Max: +2.259e+08

Node: 4202310
Min: +2 551e+04

Node: 11
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Elem; PART-1-1.2414303

Elem: PART-1-1712655

20 Cinitial , 5 bar}

ODE: MRA_backbd Daylight Time 2023

Step: temperaturg
Increment 1.
Primary Var: 5, Mi
Deformed var: U

it § 2, 55Ted, 2bar
208 V34 bakbonet Pbcdh AsaczStandend 2020472 Tue dug T

Stea: tamperatue, tempecat ne w th pressura
Irenant 1 St207me= 1200

imery var, £, Vises

Jefmedvar, U Cermzior 3336 Facar: +10002-00



5 bar , Temperature Distribution and 2 bar pressure

Vertical Displacement — additional
Model with additional 2 bar 0.28 mm on lower surface
pressure moderator zone not changed
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Results with 2 bar pressure added to 5 bar and
temperature loads

Internal view of vertical Peak local stress ~ 200 MPa on
displacement - .28 mm peak bottom surface ( 200 MPa scale

U, u2 5, Mises
+gag§e-gg (Bvg: 75%)
+3.403e- +4.416e+08
+5.068e-06 +2.000e+03
-2.3%1e-03 +1.833e+08
-5.290e-03 +1.567e+03
-8.1882-03 +1.500e+08
-1.108e-04 +1.334e+03
-1.39ge-04 +1.1678+08
1.633e-04 +1.000e+08
-1.978e-04 +8.3388+07
-2.263e-04 +6.672e+07
-2.358e-04 +5.0068-+07
-2.848e-04 +3.3408+07
Min: -2.848e-04 +1.674e+07
Mode: PART-1-1. 78138 +8.395e+04
20 Cinitial , 5 bar, 55 Temp, 2 bar 20 Cinitial , 5 bar, 55 Temp, 2 bar
0ODB: MRA_backbonel_PTPb.odb  Abagus/Standard 2020 HF4  Tue Aug 08 13:34:39 Eastern Daylight Time 2023 7 0ODB: MRA_backbonel_PTPb.odb  Abagus/Standard 2020 HF4  Tue Aug 08 13:34:39 Eastern Daylight Time 2023
Y
X Step: pressure_2bar, 2 bar in vacuum with temp and pressure Step: pressure_2bar, 2 bar in vacuum with temp and pressure
Increment Step Time = 000 X Increment 1: Step Time = 1.000

Primary Var: 5, Mises

Primary War: U, U2
Deformed Var: U Deformation Scale Factor: +1.0008+02

Deformed War: U Deformation Scale Factor: +1.0008+02
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Results

e Top center reflector vessel mounting surface peak deflection
was 0.4 mm on axis with tfemperature profile and 5 bar internal
cooling pressure compared to a limit of 0.5 mm

e Bottom center reflector vessel mounting surface peak
deflection was approximately 0.02 mm

 Peak Von Mises stress in thin wall section by beam opening was
141 MPa with 5 bar internal stress

e Peak stress of 226 MPa at localized corner near beam opening

e 2 bar pressure in vacuum region from hydrogen release did not
change mounting surface deflection
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Summary

« Center mounting surface deflections for normal operation due to water
pressure and the temperature profile are below 0.5 mm

e Final design will adjust cooling pattern to reduce rotation of top reflector

o Peak stresses for normal operation are around the thin proton beam
channel wall at a sharp corner. Peak model value was 226 MPa but this
was at a singularity location and no mesh refinement was attempted.

» Final design is expected fo improve regions to reduce high stresses

e The 2 bar pressure excursion stress on the lower surface was
approximately 200 MPa and the mounting location deflections were not
affected by this pressure release

%OAK RIDGE

National Laboratory




	Preliminary MRA Backbone Structural Analysis
	MRA Backbone Structural Analysis
	Abaqus model
	Lower Backbone with Moderator Reflector Vessels
	Backbone SpaceClaim Model  Section views
	Abaqus Model with all 3 parts merged
	Pressure boundary surfaces
	Model Mesh with C3D10 Tet elements
	Mesh model Cut Views
	Boundary Conditions 
	Results with 5 bar pressure and all nodes at reference temperature of 20 C
	Net body force imposed from open tubes with 5 bar pressure causing displacements to one side
	5 bar Pressure only results
	Temperature Profiles
	Temperature and 5 bar Pressure
	5 bar and Temperature Distribution
	5 bar , Temperature Distribution and 2 bar pressure
	Results with 2 bar pressure added to 5 bar and temperature loads 
	Results
	Summary

